Abstract -Background: Skeletal unloading induces osteopenia in the loaded bones. Simvastatin, as one of the HMG-CoA reductase inhibitors for lowering lipids, has been demonstrated its potential benefit in bone formation, while no study reported whether simvastatin could prevent the bone loss in unloaded bone. Objective: We performed this study to assess the effect of simvastatin on bone mass and bone formation in tail-suspension rat. Methods: Tailsuspension rats were treated with or without simvastatin for 3 weeks, The right femurs were removed for the measurement of bone histomorphometry after bone mineral density(BMD) assessment by dual-energy X-ray absorptiometry. Results: The total bone mineral density(tBMD) and distal bone mineral density(dBMD) of tailsuspended rats were significantly lower than that of normal rat, while proximal bone mineral density(pBMD) of normal rats was significantly higher than tail-suspended rat, but no statistical difference was observed between normal and simvastatin-treatment rats. Similar to the BMD results, histomorphometric assessment for the trabeculae bone of distal femurs showed markedly higher BV/TV and lower trabecular Tb. Sp in normal rats compared to those of tailsuspended rats, while both the bone formation and bone resorption parameters were markedly increased in tail-suspended rats with or without simvastatin treatment, simvastatin showed stimulation on osteoid formation comparing to normal and tail-suspended rats. Conclusion: simvastatin treatment could partially prevent tailsuspention-induced osteoporosis in unloaded limb.
Introduction
Statin is a specific inhibitor of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase, rate-limiting enzyme of the cholesterol synthesis pathway. In a large screening, Mundy et al. identified statins, including simvastatin, among 30,000 investigated agents to increase the expression of Bone morphogenetic protein (BMP-2) [1] . BMP-2 is one of the most examined and potent growth factors targeting bone formation in vivo [2, 3] .Simvastatin is a chemical modification of lovastatin, which is obtained by the replacement of 2-methyl-butyryl side chain of lovastatin with a 2,2-dimethyl-butyryl group.
Skeletal unloading induces osteopenia in the loaded bones [4] . Tail-suspended models in rats simulate the conditions of lack of mechanical stress such as spaceflight for the loaded bones [5] . In such a model, the animal bears the whole weight by its forelimbs, and the movement of its hindlimbs is free without weight bearing.
Although relatively abundant information about simvastatin indicates its possible beneficial effect on bone [6, 7] ,whether simvastatin could prevent the bone loss in tail-suspended rat is still unknown. Therefore, the present study was performed to establish the rat model of simulated unloading and investigate the effects of simvastatin on bone mass, microarchitecture and bone formation/resorption activities in tail-suspended rat.
Methods
Animal model Twenty-four 9-week-old male SpragueDawley rats(weight: 170 g-180 g, Vital River, Beijing, China ) were randomized into three groups of eight animals each: G1, control group without tail-suspention; G2, the tailsuspended group and treated with vehicle; G3, the tailsuspended group and administered daily with 20 mg/kg of simvastatin by gavage. Double labeling was performed with subcutaneous injections of tetracylcin 10 days before sacrifice and of calcein 4 days before sacrifice.
The experiment was lasted for three weeks, and all animals were sacrificed one day after the final simvastatin administration. The right femurs were removed for the measurement of bone histomorphometry after bone mineral density(BMD) assessment by dual-energy X-ray absorptiometry.
Measurement of bone mineral density The femur was divided into four equal regions, distal femur, proximal femur, midshaft femur (the two equal regions of diaphysis were considered). The bone mineral density (BMD) in the right femur was measured after sacrifice. The femur was placed in the antero-posterior position on the x-ray table, and BMD was measured by dual energy x-ray absorptiometry (DEXA) (Norland-XR36, USA) using small animal scan mode.
Bone histomorphometry The distal half of the right femur were fixed with 70 % ethanol, then cut in half crosssectionally with a low-speed metallurgical saw,and then were dehydrated in ascending grades of ethanol, defatted in dimethyl benzene, and embedded in methyl-methacrylate without decalcification. Undecalcified 5 μm sections were prepared using a Jung-K microtome (Reichert-Jung, Heidelberg, Germany). The sections were stained in von Kossa and Giemsa, and the unstained sections were used to observe double labeling.
In our study, the following parameters were examined using a semi-automatic digitizing system for bone histomorphometry (Leica QWin, Leica, Germany), with final magnification of ×200: trabecular bone volume (bone volume/tissue volume, BV/TV), trabecular thickness (Tb.Th), trabecular number (Tb.N), trabecular separation (Tb.Sp), percent labeled perimeter (%L.Pm), mineral apposition rate (MAR), bone formation rate (BFR/BS), osteoid surface (OS/BS), eroded surface (ES/BS), and osteoclast number (Oc.N). The areas measured were defined by rectangular regions in the secondary spongiosa more than 1 mm apart from the metaphyseal junction in the growth plate and 1 mm from endocortical surfaces.
Statistical ananlysis All values are expressed as the means±standard deviations. The SPSS 15.0 statistical ananlysis software was used for statistical ananlysis. PairedSample T test was used for the comparation of differences between the two groups, A P value <0.05 was considered to indicate statistical significance.
Results
Bone mineral density The total bone mineral density(tBMD) and distal bone mineral density(dBMD) of G1 were significantly higher than those of G2 and G3, while proximal bone mineral density(pBMD) of G1 was significantly higher than G2,but had no significant difference with G3 , G3 was higher than but had no significant diference with G2. (table 1) Bone histomorphometry Similar to the BMD results, histomorphometric assessment for the trabeculae bone of distal femurs showed markedly higher trabecular bone volume (bone volume/tissue volume, BV/TV) and lower trabecular separation(Tb.Sp) in normal rats compared to those of tailsuspended rats, while both bone formation and bone resorption parameters, including percent labeled perimeter (%L.Pm, indicating mineralizing Surface per Bone Surface), mineral apposition rate (MAR), bone formation rate (BFR/BS), osteoid surface (OS/BS), as well as the bone resorption parameters of eroded surface (Er/Pm), and osteoclast number (Oc.N)were markedly increased in tail-suspended rats, simvastatin showed stimulation on osteoid formation (Tab.2) 
Discussion
The present study demonstrate that 4-weeks hind limb unloading by tail-suspension cause markedly bone loss and deterioration in microarchitecture of distal femur in rat, while to our surprise, those findings of our histomorphometric assessment also indicate that unloading with tail suspension increases both trabecular bone formation and trabecular bone resorption. Simvastatin treatment partially prevent the proximal femur bone loss, and imply an stimulation of the bone formation by markedly higher activity of osteoid formation.
We detect the bone mineral density in different part of rat femur, tail-suspension caused decrease bone mineral density in total and all regions in this study, indicating unloading results in a non-region specific bone loss, while simvastatin treatment only showed a positive effect on proximal femur, which maybe due to the better blood supply in this region. Regarding pharmacokinetics, statins are selectively targeted to liver. Because of their high lipophilicity and first-pass effect, the bioavailability of lipophilic statins is very low, at less than 5% [8] [9] [10] . Due to their liver specificity and very poor distribution to the periphery, the probability of statins reaching the bone micro-environment is also very low, which maybe the main reason for that we only find preventive effect of simvastatin on bone loss at the proximal femur.
The results of histomorphometric assessment in this study seems not consistent with the prevous study by Sakata [11] , in which they reported that after 2 weeks tailsuspension, decreases trabecular bone formation and increases trabecular bone resorption were observed in the proximal tibiae in mice, reasons for the unfamiliar results in these two studies might mainly for the different suspension period, in the present study, the rat were tail-suspended for 3 weeks, which was longer than that in the previous study, the rat we choose in this study were still in the age with ability of long bone growth, therefore after a rapid bone loss, the decreased bone mass and increased activity of bone resorption were probably converged into a stimulation of bone formation, while this feedback was not observed in Sakata study for the short experimental period. A much earlier study indicate that after a rapid bone loss and maintain in low level, the bone mass gradually returns toward normal level for the subsequent 7 days [12] .
